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OddexTrBHAS SKCILTyaTaIMs U HAASKHAS pabOTOCTIOCOOHOCTh TPAKTOPOB 3aBUCUT OT CHCTEMBI TEXHOJOTHH BOCCTaHOB-
JIeHHs, 00CCIICUNBAONINX HEOOXOAMMEIC KOHCTPYKTHBHEIE pa3Mephl MPEIC3NOHHBIX IUTYHKEPHBIX Map TOIUIMBHBIX HACOCOB
Boicokoro naeneHus (THBJI) muzensHbIX aBurateneil. PaspaboTaHHBIE CUCTEMBI TEXHOJIOTUN TEXHUYECKOTO OOCTYKUBAHUS
U TEKYIIETO PEMOHTA MAIlIUH CTPEMSITCS COXPAHUTD IKCILTyaTaIllMOHHEIA PEeCypc BceX arperatoB MammHb! 10 10—15 Teic. Mo-
TOYACOB. DTH TpeOOBaHUS OTHOCSTCS K paboTe TOIUIMBHOM amnmapaTypbl aBTOMOOUIIEH, TPaKTOPOB U KOMOAIHOB ¢ TN3EIbHBI-
MU JBUTATEISAMU. TpaTullMOHHBIC TEXHOJIOTUN BOCCTAHOBIICHHS KHHEMATHUECKUX Map ¥ IryrmkepHbIXx map THB/[ He MoryT
obecnieunTh TpeOyeMbIil pecypc pabOTHI TOIUIMBHOTO Hacoca AM3EIBHOTO JBHTATeNd. YBEIHUEHHE pecypca MOXKHO OCyIe-
CTBUTH NPH HCIIOIH30BAHUU HOBBIX BBICOKOA((PEKTHBHBIX TEXHOJIOTHH TEXHHYECKOTO OOCITYKHUBAHUS W PEMOHTA CIOKHBIX
BBICOKOTOYHBIX JJIEMEHTOB 0€3 MPUMEHEHHUs ONepaIiii pa30opKu-cOOpKH TEXHUYECKOTO ycTpoiicTBa. CerogHs OTCyTCTBYIOT
METOIMKH OTPENEICHUS O0IIEro TEXHHYCCKOTO COCTOSHUSA W HaaexHoH pabdorsl THBJI nu3enpHBIX aBUTaTENei. Xopolme
U TIEPCIEKTHUBHBIE PE3YIBTaThl, YIYUIIAoONe TEXHUYECKOe COCTOSHHUE KMHEMATHUECKUX Iap, ObUIM MOMY4YeHBI OT IpHMe-
HEHUsl HaHOoalIMa3HoU mpucaaku. IIpakTuka mokaspiBaet, uto 25-30 % BceX OTKAa30B AM3ENbHBIX JABHUraTesled MPUXOTUTCS
Ha TOIUIMBHYIO ammaparypy. 13 atux otkazoB 60 % npuxoautcs Ha THBJI u3-3a cocTostHuA IUTyH>KepHBIX map. Kpurepuem
paboToCIOCOOHOCTH HOBBIX MPEIC3UOHHBIX ILTYHXEPHBIX Map SBISIETCS BEIMYHHA 3a30pa MEKAY paOOUYUMH IMOBEPXHOCTS-
MH BTYJIKU U IUTYH)Kepa, [UI OBIBIINX B SKCIUTyaTaI[H — BEJIMYMHBI JIOKAIBHOTO H3HOCA IOBEPXHOCTEH AeTalel Uik yTeuka
torutuBa. [loaTOMy HCCIenoBaHUS IO MPUMEHEHHIO HAHOAIIMA3HOW MPUCAJKH TPHOOTEXHUIECKHX COCTABOB B MPEIE3HOHHBIX
wrymkepHbIx nmapax THBJI Becbma akTyanbHBl. OOBEKT HCCIIEIOBAHUA — TPEIe3NOHHAs TUTYH)KEpHas IMapa TOIUIMBHOTO Ha-
coca BBICOKOTO JaBieHus. MccmenoBanus mo mporeccaM U3HOCa U BOCCTAHOBIICHUS IPOBOAUIUCH Ha Hacoce moaenu Y TH-5
¢ Hapabotkoit 1000 moTowacos. Ilpu uccienoBaHUM MPOBEPSIIOCH N3MEHEHNE KOHCTPYKTUBHBIX T€OMETPUUECKHUX Pa3MEpPOB
IUTYHXepa U TUTYH)KepHOH TWIIB3BI IO IPUMEHEeHUsT HaHoaMa3HoH npucaaku 1 nocie 1146000 nukinoB paboTs! UTyHXEpHOU
napsl Ha CTEHJIE MO/l HArpy3Koi paboThl (POPCYHOK.
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Efficient operation and reliable performance tractors depends on system recovery technologies that provide the necessary
structural dimensions of precision plunger high pressure pump plunger (HPPP) of diesel engines. Developed technology
systems maintenance and repair of cars trying to preserve the service life of all units of the machine up to 10-15 thousand hours.
These requirements apply to the work of fuel equipment of cars, tractors and combines with diesel engines. Traditional recovery
technology kinematic pairs and plunger injection pump cannot provide the desired service life of t%e fuel pump of the diesel
engine. Increased service life of the fuel pump can be carried out using the new high-performance maintenance technologies
and maintenance of complex high-precision components without the use of assemb%y-disassembly operations of the technical
device. There is currently no method of determining the total technical condition and reliable operation of the injection pump
diesel engines. Good and promising results that improve the technical condition of the kinematic pairs were obtained from the
use of nano diamond additives. Practice has shown that 25-30 % of all failures of diesel engines account for fuel equipment.
Of these, 60 % are failures in the pump due to the state of plunger. The criterion of precision performance of new plunger is the
size of the gap between the working surfaces of the sleeve and the plunger, for being in use — value of the local wear surfaces of
parts or fue% leakage. Therefore, studies on the use of nano diamond tribological additive compositions of HPPP are very actual.
The object of study is a pair of precision plunger high-pressure fuel pump. Studies on the processes of wear and restoration
carried out on the pump model UTN-5 wiﬂE operating time 1000 hours. In the study tested the change of structural geometry of
the Elunger and plunger sleeve sizes before application of nano diamond and after 1146000 cycles work the plunger assembly
on the stand under a Joad of work of atomizers.

TonoxcumenvHas peyersus npedcmasaena E. E. BajceH08biM, OOKIMOPOM MeXHUHeCKUX HayK, npodieccopom, OUPeKmopom uHCmumyma
asmomobUABbHO20 MPAHCNOPMA U MeXHOA02UHeCKUX cUcmeM YPaabCKo20 20cy0apCimeeHH020 N1ecOmexHUUecKo20 YyHusepcumema.
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IIpn skcrulyatanmy TOIUIMBHOIO HAcoca BBICOKOTO
JaBJICHUS B PA3IMYHBIX pPEXKUMax padOThI ITYH)KEPHOU
Mapsl TOIJIMBHOTO Hacoca MPOMCXOAAT M3MEHEHUs Io-
BEPXHOCTEH IUIYHXEpa M ILIYH)KEPHOW THIIB3bl — Kak
(pM3UKO-MEXaHUYEeCKIX CBOMCTB MeTayuia (CTPYKTYpPHI
MOBEPXHOCTEH), TAaK M T€OMETPUIECKUX Pa3MEpOB IIpe-
LE3MOHHON mapbl. M3MeHeHne pa3MepoB IUTyHXKepa U
THJIB3bl TPUBOJUT K TOSIBICHUIO 3a30pOB MEXIY CO-
MPSDKEHHBIMU TTOBEPXHOCTSMH, YTO BEJIET K CHUIKEHUIO
KauecTBa Mmojayu TorumBa B (opcyHkH. Heobxommmo
ONPEIEINUTD 3a30p IUIYHXEPHOH Maphl B IPOLIECCE U3HO-
ca ¥ U3MEHEHNE Pa3MepoB 3a30pa MPU y4acTUU HaHOAJ-
Ma3HOM NMPHUCAIKH B AU3EIBHOM TOIUIMBE.

Hens uccenoBanns — nNpoBepka TEKYIEro M3HOCA
TUTYH KEPHBIX Map Ha TOIJIMBHOM HAcoCe BBICOKOTO JaB-
nenunst moaenu Y TH-5 (yHUQHIIMPOBaHHBIH TOTUTUBHBIH
Hacoc 5 moxenn) (puc. 1).

[TnyHxep ¥ runb3a U3HAIINBAIOTCS B ONPEEIEHHBIX
MeCTax HUCCIeNyeMOH KMHEMaTHYECKOU Hapbl, KOTOpBIE
JIOKaJBbHO TOSBIISIOTCS B Ipoluecce paboThl IUTyHKepa-
THJIB3BI U TTOJTyYMIIA Ha3BaHUS MECTHBIX M3HOCOB. MecT-

Puc. 1. Tonnusenwiii nacoc YTH-5
Fig. 1. The fuel pump UTN-5
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THJIB3BI MPEXKIEBPEMEHHO BBIBOJUT 3Ty Mapy U3 CTPOSL.
MakcuMalbHBI M3HOC TUTYH)KEpPa W THIIB3BI MMEETCS
TaM, I7Ie TOIUIMBO ¢ MEJIBYANIIUMHU a0pa3uBHBIMH YaCTH-
[IaMH TIO BBICOKUM JaBJICHHEM, a CJIEJOBATENIbHO, U C
OOJIBIION CKOPOCTHIO TIPOPBIBACTCS K OKHY (pHC. 2a, 0).

B pesynbrare geiicTBus cui (Pm, Fmp, F,F, ) Tpo-
WCXOIWT TIOBBIIICHHBI U3HOC MOBEPXHOCTEH ILTyHXKe-
pa, TWIIB3Bl U HATHETATEeIHHOTO Kilamana. FIHTeHCUBHBIH
MPOPBIB TOIUTUBA K OKHY MPOMCXOIUT B MOMEHT Iepe-
KPBITHSL OKHA MPH HArHETATEeJIbHOM XOJE U B MOMEHT,
Onu3kuil K oTrceuke. [103TOMYy M3HOC Y THIIB3BI PacHo-
JlaraeTcsi BBEPX M BHH3 OT OKHa (IIPEMMYIIECTBEHHO
BBepX). Y IUTyH)Kepa M3HOC PACIIONAraercsi B €ro BepX-
HEH 9acTH, OoJbIIe Y TOPLIOBOI U OTCEYHOH KPOMOK.

st onpeneneHuss U3MEHEHUS Pa3MEpPOB ITUTYHXKEP-
HOM mapsl B MpOIecce U3HOCA U BOCCTAHOBIIEHUS TPO-
M3BEJCHBI M3MEPEHUS B JIByX IUIOCKOCTSIX X U Y B Tpex
TOYKaX MOBEPXHOCTH MUIMHIPHIECKOW YaCTH TUTyHXKe-
pa (puc. 3a). Cxema BOCCTAaHOBIEHUs TLTyH)KEpa TMpe/I-
cTaBjieHa Ha puc. 30.

Pe3ynbraTsl 3aMepoB IUTyH)KEpa 70 U MOCJe MpUMe-

HEHHS IPUCAJIKU TIPENICTABICHEI B Ta0II. 1.
& Puc. 2. Cxema cun Kynaukoeozo ycmpoii-
cmea, 0eticmeyouux Ha NAYHHKEPHYIO napy
npu nepemeuieHUU MonKAMesns-niyHiepa, u
30HA HAUBOMILULE20 USHOCA NILYHIHEPA-2UTb-
3v1: M - Mmomenm, 8pauarusuii Kynauxo-
évuii 8azn; Fk - cuna oeticmeust Kynauka Ha
monkamenv; Fcm - cuna cmamuueckoil
Haepysku npyxcunvi; Fmp - cuna mpenus 8
nape «nayHxcep-eunv3a»; Pm - eudpoouna-
Muueckasi cuna 0asneHus monauea

Fig. 2. Diagram of the forces of the cam de-
vice, acting on the plunger pair when moving
the pusher-plunger and a zone of greatest
wear plunger-sleeve: M - the moment of
rotating cam shaft ; Fk - the force of the cam
action of the pusher ; Fst - static force of the
spring load; Ftr - the frictional force in a pair
of “plunger-sleeve”; Pt - fuel hydrodynamic
pressure force

Cxeva Socmasobnerus nagxena

Plunger recavery scheme

Y

.- 6(b)

Puc. 3. Cxema nuynsicepa monnueHo20 HAcoca: a — cxema 3amepa pasmepos naynxepa 6 08yx naockocmsax X u' Y no mpem mouxam;
6 - cxema NIyHHCEPA HOBO20 C USHOCOM U NOCIIE BOCCHIAHOB/IEHUS HAHOAMASHOL NPUCAOKOLL

Fig. 3. Driving the fuel pump plunger: a - scheme metering plunger circuit sizes in two directions X and Y at the three points;

b - scheme of the new plunger with wear and after the restoration of nanodiamond additive
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Ta6muna 1

I'eomeTpuyeckue pasMepbl IITyHKepa 1-ii 1 4-ii ceK1uii Hacoca 10 U NOC/Ie IPMMeHeHN s IPUCaTOK
«HAHOKOP- F» ipu npoBefeHUN 3KCNIepUMMEHTA B IOCKOCTAX X, Y

IInockocth X cexmus 1, mm | Ilmockocts Y cekmus 1, Mm | Ilmockocts X cexmmsa 4, mm | Ilmockocts Y ceknus 4, MM
1o MocJe Ji(o) mocJe o mocJe Ji (o) MocJe
9,017 9,018 9,017 9,018 9,034 9,036 9,029 9,036
9,016 9,017 9,017 9,017 9,03 9,034 9,029 9,034
9,017 9,018 9,017 9,018 9,031 9,036 9,027 9,036
Table 1

The geometrical dimensions of the plunger of the 1 and 4™ sections of the pump before and after the use of addi-
tives “NANOKOR- F” for the experiment in the planes X, Y

Plane X section 1, mm Plane Y section 1, mm Plane X section 4, mm Plane Y section 4, mm
before after before after before after before after
9.017 9.018 9.017 9.018 9.034 9.036 9.029 9.036
9.016 9.017 9.017 9.017 9.03 9.034 9.029 9.034
9.017 9.018 9.017 9.018 9.031 9.036 9.027 9.036
Cexyus 1
Section 1

FaI7 1

2085

Fa8 1

208S 1

205
I

Minockocms flatness

Puc. 4. Juazpamma zeomemputeckux pazmepos naynxcepa I-ii cexyuu 0o u nocne ucnvimanus Hanoanmasnoti npucaoxu «HAHOKOP-F»
Fig. 4. Diagram of geometric dimensions plunger I* section before and after the test of nanodiamond additives “NANOKOR -F”
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Cexuyus 4
Section 4

Puc. 5. [Tuazpamma eeomempuueckux pasmepos nayHxcepa 4-ii cekyuu 00 U nocue ucnvimanus HaHoanmasuoi npucaoku «HAHOKOP- F»
Fig. 5. Diagram of geometrical dimensions of the plunger 4" section before and after the test of nanodiamond additives “NANOKOR- F”

[lo pesynsraTam 3amepoB miuyHxkepa 1-if u 4-i1 cek-
uun THB/I npencraBiensl nuarpaMMbl U3MEHEHUS T€0-
METPHUUECKHAX Pa3MEPOB JI0 U MOCJIE IPUMECHECHIS HAaHO-
anmasnoit npucagku «HAHOKOP-F» Ha puc. 4 u 5.

3amepsl TEOMETPUYECKHUX PA3MEPOB  ILTyHXKepa
THB/ cexumu 1-it u 4-1i 10 OOKaTKKX HA CTEHIC U II0-

80

cie OOKAaTKH Ha CTeHIe Npu J00aBJICHHH B TOIUTUBO
IPUCAJKU, COIEpXKalleH YIbTpaJUuCIepPCHbIE aJIMa3bl
«HAHOKOP-F», moxkazanu, 9To MPOWUCXOAWT 3HAYH-
TEJIBHOE YBEIMYECHNE Pa3MEPOB IUTyHXKepa.

3aMepbl T€OMETPUYECKUX Pa3MEPOB T'MIIb3bl IUIYH-
kepHoH mapsl THBJI mo oOkarku Ha creHzme W TO-
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cie OOKAaTKM Ha CTeHAe Npu J00aBJICHHU B TOIUIUBO
MPUCAIKH, COAEp)KALIEN yIBTPaJAHUCIEPCHBIE aaMa3bl
«HAHOKOP-F» cexuunu 1 u 4, npencrasneHsl B Ta0m. 2.

CxeMa M3MeHEeHHs BEIMYUHBI U3HOCA THIIB3BI MITYH-
xepHoii mapsl THBJI npencrasnena Ha puc. 6.

B pe3synbprare npoBeEHHBIX HCCIIENOBAHUN TpUMeE-
HeHusa npucagok «HAHOKOP-F», conmepxamux yib-
TpaJucCIepCHBIC aMasbl, B IW3EIbHOE TOIUIMBO OOHAPY-
KEHO BOCCTAHOBJIEHHE IPEIE3UOHHBIX 3a30POB MENKIY
COTPSKEHHBIMHM TTOBEPXHOCTAMHU IUTYH)KEPHOM Mapsl
TUTYH)KEp-THIIb3a. YMEHBIIIEHHE 3a30pOB ILTYHXEPHOU
Hapsl IPOMCXOINT 3a CYET HapallluBaHUs (BOCCTaHOBIIE-
HUS) MUKPOTOHKOTO CJIOSl aIcCOPOMPOBAHHOIO MaTepH-
ajla Ha MOBEPXHOCTSX IUTyH)KEpa U TMiIb3bl. MeXxaHu3m
BOCCTaHOBJIEHHS T€OMETPHUYECKHX pa3MepoB COMps-
KEHHBIX MOBEPXHOCTEH MOXXHO BBIPA3HTh aJTOPUTMOM
00pazoBaHHUA M POCTa CJIOEB dUepe3 aacopOMpoBaHUE
YABTPAIUCIIEPCHBIX YaCTHL METANJIa U aJIMa30B [OCpe-
ctBoM (husnueckux cui Ban-Jlep Baanbca. [Iponcxonur

YIPOYHEHHE MOBEPXHOCTHOIO CJIOA 3a CUET Ipoliecca
BHEPEHUs yIIIeposa, COAEPKaBIIerocs B YaCTHLIAX aJl-
Ma3a, B KPUCTAJUIMYECKYIO PELIETKY pa30rpeToro MeTal-
Jla TIyH>XepHoi napsl. [losBiisieTcss K3HOCOYCTOMYMBOE
MOKPBITHE.

BeiBoabl. IIpn BOCCTaHOBIEHHH TI'€OMETPHYECKHX
pasmepoB ryrxepHoii mapsl THB/I B npouecce oOxkar-
Ku Ha cTeHie Hacoca Y TH-5 nox Harpyskoii ipu pabote
(OPCYHOK C IPUMEHEHUEM YIBTPAJAUCIIEPCHBIX aiMa30B
B npucagkax «HAHOKOP-F» k gu3enbHOMY TOILTUBY
ObUIU MOJTyYEHBI CIEAYIOIINE PE3YIIbTATHI.

1. AncopOuroOHHOE TIOKPHITHE MTOBEPXHOCTEH TUTyH-
JKEpa M TWIIb3bl HAHOYACTHUIIAMU U BHEAPEHHUE UX B KpH-
CTAJNTMYECKYIO PEIeTKY MeTalJa 1Moj AeHCTBUEM CHJIIO-
BOTO BO3JICHCTBUS (JOPMUPYET MMOBEPXHOCTHBIN CIIOW B
30HE TPECHUSL.

2. IlpoucxoouT yBeIMYEHUE AUAMETpa ILTyHXXepa
U YMEHBIIEHHE T'€OMETPUYECKUX Pa3MEPOB OTBEPCTHUS
THJIB3BI ITyHKepHoU nmapsl Y TH-5.

Tabmuna 2

T'eomerpuyeckue pasmepsl ruIb3bl 1-11 u 4-11 cekuuit Hacoca THB] no u moce
npumenenus npucagok «<HAHOKOP-F» nmpu npoBefgeHNN 5KCIepUMEHTa B INIOCKOCTAX X, Y

IImockocth X cekmus 1, Mm IInockocth Y cexnms 1, mm | Ilmockocts X cekmus 4, MM | Ilnockocts Y cexnms 4, MM
Ji(o) ocJe Ji(o) mocJe 1o rmocJe Ji (o) rocJe
9,023 9,021 9,022 9,021 9,040 9,039 9,035 9,039
9,022 9,020 9,022 9,021 9,035 9,036 9,034 9,037
9,023 9,021 9,022 9,021 9,037 9,039 9,036 9,039
Table 2

The geometrical dimensions of the sleeve of the 1* and 4'" sections of the pump before and after the high pressure
pump using of additives “NANOKOR-F” for the experiment in the planes X, Y

Plane X section 1, mm Plane Y section 1, mm Plane X section 4, mm Plane Y section 4, mm
before after before after before after before after
9.023 9.021. 9.022 9.021 9.040 9.039 9.035 9.039
9.022 9.020 9.022 9.021 9.035 9.036 9.034 9.037
9.023 9.021 9.022 9.021 9.037 9.039 9.036 9.039
Cxera Goccmaroberus Bmynxu naysxepa
Scheme of the recovery of e plunger bushings
BWM 0 L UIHECOM T0CAE FOUMEHERUA
Hobaa bmynka fez usHoca Bminka ¢ vsHocom

dodabiu HAHOKOP-F~

new busing withou!t wear — with the wear bushing  Bu 7k

=]

W N
\\ ] - p r \\\ "/

Puc. 6. Cxema usmenenus senuvuunol U3HOCa 2unv3vl nayHxceproil napor THBJ]
Fig. 6. Scheme of change of the wear liner pump plunger assembly
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3. YMeHblIaeTcs 3a30p NPELE3MOHHON KMHEMaTHye- 4. VYBenuuuBaeTcss MexpeMOHTHbIH pecypc THB/I.
CKoll mapel minymxep-ruiab3a Y TH-5 narnerarensHoro Oddekrt or ucnonszoBanus npucagka «HAHOKOP-F»»
yCTpOHCTBA. K TU3EJIbHOMY TOIUIMBY COXpaHsETCsl mocie OOKaTKH Ha

crenge oonee 500 MOTOYACOB.
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